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(54) PRODUCTION OF IMMOBILIZED PROTEIN 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve immobilizing yield of a protein in a method for 
immobilizing the protein through the carboxyl group of carboxy terminal of the protein to a 
carrier by utilizing amino bond forming reaction through a cyanocysteine residue. 
SOLUTION: In immobilization of a protein represented by formula I: NH2-R1- COOH (R1 
represents arbitrary amino acid residue chain), a protein represented by formula II: NH2-R1- 
CO-NH-CH(CH2-SCN)-CO-NH-R2-COOH (R1 has the above meaning; R2 represents chain 
of arbitrary amino acid residue rich in acidic amino acid, strongly negatively charging in nearly 
neutral and bringing isoelectric point of the compound of formula II to acidity) is reacted with 
an immobilizing carrier represented by formula III: NH2-Y (Y represents an immobilized canrier 
having a primary anriine as a functional group) to produce the objective immobilized protein 
represented by formula IV: NH2-R1-C0-NH-Y (R1 and Y have the above meanings). 
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(57) mmmcosm] 

NHt-R.-COCH (1) 

NHj-R,<0-KH-CH(CH,-5OI)-CD-I*-Rj-C00H <2> 



*jt5: (3) 

NH, -Y < 3 ) 

J; f; . -flSsj; < 4 > 

m. -R, -CO-Nrt-Y < 4 ) 



NH, -Ri -CC>-NH-CH(0% -5CN>-C0-Nrt-CHj (CH. )-C0- [t*1-01(CH, -aiOH>-CO]„ -CM 
(5) 

wmt^ milium i viu^(Di3^. { ^momti, m*^m ) t-^m\t. m^\tw.B m<D^> 
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[ 0 0 0 2] 



msmm^ftbx^B^commmm c ta^x-n 

(1) in-R<0-l*i<Hi^J1,-SCN)-<3>-X 

(2) l«t-R<i>l«H-CH(OH,-SCW)-<D-X 



(2) 4$i?3047 020 



[ 0 0 0 5 ] mBn'&-^f\^-=i'^^'^^^iZ<c—mmxB.-r>^ 

mi: ft U Xts^ti> Ctici: 0 , !s:li© BJiSii* 

[ 0 i) 0 6] 

+ NH-B -* NHj -R-CO-NH-B 

[ 0 0 0 71 C«'T ^ KJS^^.iSSiSJti*, iSlSSC 
+ H,0 -* NH-R-G)CH+ Z 

★ [ 0 0 0 8 ] X^^ni>^-:rf- KilWftrJxiC; (CR Jaco 
bson, M.H.Schafrer, CR-S^ark, T.CVaneunan, J.Biol 
cgic«l Chssinstrv, 248, 6583-6591(lS73)#ffif) . SO' 



(3) 



★30 

KHj -R-CO-NH-CH(CH -5CN)-CD-X • 



m -R-CD-NH-C(Ci, )-CO-X 



[ 0 0 0 9 ] X'7i<$ni>fti^r^siifimttri. fS - 

iKf^T^JSiS (Y.paqani, A.Patchornik, Bicchermstr 
V, 13 4-ll(1974)#fi?, ) C'^jCS i i^fMS«3tCieg C -S C <!; 



40 



{ 1 > ^m<''-^cm^n<^m^\tit. 

m^XE.r>^t^ ^iH'X'^^X^hti.^'y^^ihlc.tj: 
[ 0 i) ! 0 ] 

ii4r*i^t"-sfci?)0>^ig] -^^mt. WSC^ < 1 ) 

— flS?i < 1 ) NHj -R. -COT 
—65:3^5 ( 2 ) KHj -R( -C0-NH-CH(CH2 



CtVCX OmSt < 1 ) X^tni>7 5 K!f§^S£SiS 

[ 0 0 1 1 ] ai-^, -^mm. yu-mi^ { 1 ) 'c^s 
Tia-flS53; {6> X'^-^txii^r yt-'T^r-i'-^nm^-^ 
ffi^j ^ :^ .'I' K=?^ i'^^ijic h^-f^-vt ^hx 

SS7 5 '^^^t?>^^\m\ttW.^'.$^hCtlCM. 



[0012] 



-SCfC'-CO-W-Rz -€GCH 



4$i?3 04 7()20 



— fl£55j < 3 ) NHj -Y 

— flS3^ < 4 ) NUa -R. -CO-NW-Y 

— flSSi; ( 6 ) NH2 ^(CHa -SCK'<0-m-Rz -COCtI 



^fi&v^< Micm^u. M-?-fia^c < 2 > (Dit^i^w^) 

[ 0 0 ! 3 ] 

[ 0 0 ! 4 ] BP*>> -m^ ( 1 > r'^^3n*SrQ!S*2 
- )Fri>ykiE.'t-t-fm < 7 ) 
m -QKOk -5H)-(J)-MH-Ri -coon { 7 ) 

-S5SC{8> 20 
Nit -R. -CO-KH-CH(CHi -SH)-CD-NH-R, -OGOH { 8 ) 

< ft fCitS (./ . S.'Om -R, -OD-W-CHCCHi -SH)-CO-NH-Re 



H. Itt«akura et al., J, Bio.Chein. 111:37-45 (199 



(0 0 16] -S§355 (2> Sfcii (8) tCfeW^R.i 
L/C 4*, rx,'-; -7 i^'-'i' ^ ^K-Srl^ < st*ffi?'j 

ocif JSK J: 0 365E-ca? ^, St* (./<**. -flSJj^ < £ ) S 
( 8 ) (DieSI^ ^ 4 iO^ h 5 ©fel^fiicc fjr ^ ^; ^ cc, 
T ;^ A 7 4^ y -'U 5 IK ^uw*\*c ^-^ ■{ 

[0017] -eoDJ: ^«fi55ij<^-5 feStiSwae^'Ji urr 

■tt'-tt 6 1*, ^7 / V A r >OiX<^>7 5 y iS^r 7 ^ ^ > 
tcr -5 C i CC D , i'-T ^ i'X r '^ > ss^/r L "cr ^ 
KJSSfiJ.^JfxStd'fiftP'&^f.S C i <!: . 7 ^ /iaiiiS<^>* 



m -Ri -C0-»KH(O1> -5H)-C0-NH-CHfe (CH; )-C0-[NH-O1(C11, -O»H>-003. -0« 

(9) 

[ 0 0 ! 6 ] ( , R 1 iiffSoC'T ^ y KSS<I>ji 5!{ §a ^©fif Mpili*, -flg^ < 5 ) 

NHj -R» -C0-NH-CH(O1i -SCW)-CO-NH-CH» (CH, )-a>-[l*1-Q*:CH8 -OG0H)-CO], -CH 
(5) 

[ 0 0 19] ( 8 > [HJ*? . iJasj^NH-Ri -CO-Wt- 

CH<Ot-5H>-a>-NW-R,-aX!H]*^^>. —^{2) [BPfe. 
±IS^m -R, -CD-t*l-CH(CHi -5CN>-CQ-NH-R, -CDCH]-^© 40 

[ 0 0 2 0 ] ^'7 ffcisj^i i.r it. ii^^, 2 r o- 
5 7 S-©,§ii(2-mTro-5- thiccvancbennzoi c 

acid (WTCB); (Y.Daqiani. A.Ptchormk, Bioch<5nisxrv, 

13 ,1-11 (1974)#BS ) *tc\t. 1 - t^r / -4 ? 
Jl 7 5 V tr y i -J) A -T- h "7 Jl- * n an®? (l-cvawMdi 
ntethvlamincpvTichmim tetrafluoroborate<CDAP))^f i' 



©7tfi£ii=13,$OCftr ' cm- • > -C-JfRlS^^^IS^^C. <l:*i-C 
d^. SS/t, StS<J>S>'r>'lttt:*SK<3,«30d & Catsipoo 
las, 3.Biol.Chem. 233, 2SS7<1963)|?|g)©ea^«':&^ 

[ 0 0 2 1 ] if^^m*<^hnh-m.^o) ri«i.-Yj f 
w^$t\hm'^it^mt t/ci*, H&7 s y&^m-ti>T- 

<^fb^xiS?r'SS^> . AF-7^^ r a-^^-'U (tos 

0-X4B {7-?V-t'A'7 T il^V7T'^^) . 4<5'X 
2 •:) NH ( ^ - l» > ^ > ' ^ -{ tT'HS^ ) U <i:;0^*ij^ ej 
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[ 0 0 2 2] -m^ (2) [Hife, ±ia^i nh-r.-co-nh- 
moment -miK, (lin *> , -y] t-^s 5 

0:i*iECC^@ L- , l^gtlSf'FS J; 0 St, ^ tdiit^ t"^ C 

[ 0 0 2 3 ] f.is ^r. @5EfbsrB^tt^?g?gET:'^>^A^, 

y'-}ltj: <i;(7>7 jl. :2 - ,'U^C'fife> ? .'U 1^ .'I A 7 i 
K . i'^> * .1 ;^ ^l'* * ^ K w i plfe- C^j^, 

[ 0 0 2 4] *^T:-«c^*i''T^i':^^-^ vi^^ra^-^ 
aw »<D^ .'UJt<* i''>KiS-®eiTT'il«ikffi*t: 

[ 0 0 2 5 ] c cc'j: ^ cc u-cjf fE>n^-c@^fb^a!gc^i{$ 
gti trii, m\tic:^>it^^i^^i&j!}:—^mci.ix-iis^ 

htD\ SCteg] ^ jJB A. ^ C ^ tc J: 0 -i!^5:ti $ ^ ^ , 



[0026] *^cr>l?a^B|*{fc:^J^AS*liSiW^T* 
[0 02 7] 

1 0 0 2 6] :^ni&MiCi$i<^X\t. -m^ { 1 > icSk.^ 
f^MB'^tbX, A5-mFR-C4^:^(,i*Ct,^-S, AS-CHFR- 
amrs. -/'BE|25lJ«:E?<jS# : 1 (C^Sf , if^U^lCid 

BSt* ), Cv5-Ala-,Asp-Asp (CAD2iiaST>, Cv3-Ala-Asp-A 
SP-A5P-ASP (CAD^i HS'?' ) ,Cvs-Al a-Asp-Asp-Asp-Asp-As 
p-Asp (CAD6iHSf >, CV5-Ala-A5|>-Asp-.A5p-.'^SP-Asp-to 

p-Asp-Asp (QAOSt BgT)© ^ll©* *) ^ -ff K ^14^ 

fe. AS-DHFR-C^i CA. CAK, CAW, CAi:!6,SO'CAD6i<^> 
•C-n^tlCai^^BM^:. AS-CHFR-C4-Ok, A5-DHFR-G4- 
CAD2. AS-CMFR-G4-CACM, A5-0HFR-C4-CAD5,S;O' AS-DHF 

[0029] A5-DHFR-C4-CA, AS-DHFR-W-CADi? . AS-DHF 
R-W-CMW, A5-Df*R-G4-CAD6,S;i:i'A5-DH:R-G4-CA06'C-n 
•t-noc-r ^ /iiWj^rie^jS^ : 2 . ; 3 , S 

?«M# : 4 > i251JS^ : & . SO'Sg^lJ^^ : etC^St", 
30 .AS-mFR-C4-CA, AS-DHFR-C4-CAD2 , AS-CHFR-CI-CAW . A 
S-DHFR-C4-<AD6,l&CJ'A&-!WR-C4-0«»iC'fPiSti. AS-DHF 

Rl7>3Se^^^:^^,^Tii^5^I^W^^:^i-?<:. Tfcc. A5- 
CHFRC'jiig^*5BS*pr'*>'2>(H. Iwakura, B.E. Jones, 
3, Luo, « C,R,^fen:th««5, J, Biodiewistry, 117". 480 
-488 (1995) %Wt „ 

\ 0 0 3 0 ] iif5Wi{<:£'^'y7o*-^?ffi^JS',iy'-'j 

i< V - Aiii'&ia?IJ^r#A/-cA:^DHFRiSe^O:.tgSS?'J^ 
S51JS^: TiC^P'^'o ffi?IJS^: 7f<:^S$n^AS-DHFR 

(Dsse^ii rpTzmFR2oj i^fiwe^nfc^'-^x « y\x. 

40 ^i<ft^iZi*nt:c^^(M. Ift«kura, B.E. Jcnss. 3. Luo, & 
C.R, Matthet'K. 3. BiochsnnsTry, 117 : 480-488 (19 
95) ^W) » 

[ 0 0 3 1 ] C C-aSG^IBlflJ^rSCi . 2 -*<7>7-^ ^ - 

DNA, 5'-COC3CATCCrC TTCACAATTA CTTAACTATr TCTTATAAT 
C TATTC -V (£?'M-f : S> SJ>' 5 ■-00CGATOXT TATCC 
.ACACC CACCOCCACC AOGAOCaOC .AOWTROt-J ' (iS?IJ§ 

■i^iS} pTZmFR2G?:^a!il.-C, PCRj^tCJ:^ 

Jgi)|-r -6 C <!; 0 , .AS-mFR-C4-<A«:^'^-C- 3? ^SfS 
^i3fiJ^f^S4t?c:o :-Xcc. C<^>J: ^KL-Tilfi^L^iAS-o 
50 HFR-G4-CAiiG^^:^^i(.., IB^IJS^ :8 <i;E51jSJ^ : 



J: D C i CC J: <i . AS-OHFR-C^-CADJ^IfeJST-^r 

^^g^i3?'j=£ffl^0?<:, JaTISllfiC. A5-CftR-G4-CAD 

CWA^Jf (, » A5-CHFR-G«AWjSf5^«r . A5-CHF 

^ . A5-CHFR-04^6jiic^«:^S2 i l/S^ljS^t : 8 i S 
: 13(D2*©7?-|'?-DW&^l>AS-[!HFR-<;4-CA 

[ 0 0 3 2] AS-[!HFR-C4-Cft, AS-nHFR-0«-CArC. AS-DHF 
R-C4-<A!M . AS-DI*R-C4-CMD&,S;CJ'AS-CH=R-C4-CAC)6-C- 

5. : 16. : 17. ffi?iJ## : iStCTft 

i>CtK.^*:. A5-CHFR-04-<A, AS-DHFR-C4-CM[K , A5-D 
t*R-G4-CAEM, A5-mFR-C4-CAP5,^,iy'' A5-CHFR-G4-<:A!)5 

[ 0 0 3 3 ] C «• J: ^ Cii I- -cif ^4a?ti:^Jim«: . Z*) >' 
h >> JO maa>7 > b'i/ 'J MJ 

'c. 3 7!!fx—i%issi', mMmmiQ(^<c-mt^^ 

iSU. ^^}100 iWjC'fcj— WA5-mFR-«!-CA, AS-mFR-^-CA 30 
Ce, AS-DHFR-C4-CAW, AS-DffR-C4-C«ie,:5^CJ' AS-WFR- 

it. A5-CHFRK>28CnMiZ)<^lF-SijfeC'rli 311G0 bF " cm" ' 

[0034] ^i^nfe.^S-DHFR-C4-CA, .A5-DHFR-C4-CAD 

2, AS-mFR-C4-CAD4, A5-nHFR-<;4-CAD5,Siy'' AS-CfffR-C 

K<ECrrfl.)«:^t»0.1MMJ:^t£Ki^'(Sig. pH 7.4. f^X\ 

.AS-C4CA ($(*]0,032 Bftl)05 fIfS ( 0.16 nt-l) ©2 ^ D 40 

g!(iC:'412«i«0(;.©3feg[€.ieJD {<>+e^i?pl!a=13,60Clif 'cm 

[ 0 0 3 5] / \tKsi:MiP'r><j>^.f^sx^<j>m<:mjyf- 

{^^AlT-'/X: X 150 ron) ^m^'*c''/>\^'^lC 
4§piJi(EDTA)?:ig£flO!it.@i|^BiiSiSig. pH S.^^m^ 50 



#1^304 7 02 0 
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[ 0 0 3 6 ] if 64a?<:s^>^ lyif^'^r / fb$n^i:A5-o 

H:R-04-W, A5-DH=R-G4-C'«)2, AS-Cf1FR-C4-CAD4, .AS-CH 
FR-<;4-CAD5,SO' AS-DH:R-C4-CAlDe'C-n-eftl^20 mq (iTj 
10-'M!)l<;s)^Ci-C. 'mmri ^-^HG-yy ■<y (^It 
^Xli^fK^; 7^>SWS. 5^10- 'moles NH^/ml i< 

^B's.mmt . m.m.*^ icooiUKS ^^fsis-c^^^is <./ . 
oft:^><D<!;s?^6n&o -eccin, aa-c248»fBT'SS^»3>^ 

aiwt V ^ J: ^ (c: KCi . lil^SaS?: ifJS 1/ ?<:. 

[ 0 0 3 7 ] c <Z>J: ^ tc bx^ii>tcm^\ttinfc^^n 
«>. -iS:4M«'i£gfJ^r^i'>?g?gf?:ii<.., #^4$Pff3tC 

0 ^i4L/?<:B|7E'it^BS4^^tcm OA:. cnKCHFR 

^TiiL-g^ffcUfcSaS^c^^Sliftif^. i>j!<J[>kci«:^ 
mom My pH /.or^lstSlSfl'iJlCi^^l^&t.ir 

X^?5fet,^ait, 4M(^>Jmi^r:^i'>?g>R^nl£ 

SiJlE 0 , { fcTI>;<r>^Bi^fe.«MS •. 22100 fcr ' cm" ). 

[ 0 0 3 6] 
[^l] 

Elicit 



J5S-l)H?K-01-rAI)2 



18.2 

15. a 

16. a 



n.3 

10*8 

8.9 



IS.I 
15.3 
6.7 
5.6 
8.1 
8.7 



I6«53.«»CI8J} 



I 



1 0 0 3 9] c<c-mmt. mtim\tx-^i>7 1 ^-kn 



u 

mitn^ {%) it. ioo»<ia5EffcgBS/t§:A^asr-# 
feo -s^m^ -fo 'T^ 1/ 1: 1 » -s . 

[ 0 0 4 1] 



•}ii(9ii?!l«:f<rilBL>ftfieS« 















0.0 




-10 






19. $ 




-10 








4*54 








156.4 










83.3 




-!$ 




46. 6 


46, » 


1:24 





(6) 1^153 0 47 02 0 
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* [0 04 2] ^z*^pi>mhmj:'^ic. m^\mmt. 

[ 0 0 4 3] 

mc $ n^c ^ ct ^ . :^ .'b 4<=f ^>^m<D±f >i^^^ 

[0044]. 
SEQUENCE LISTING 



<110> DIRECTCR - GENERAL OF .ACEhDCTr 0? INDUSTRIAL SQEhDCE AW) TEOihRLOCY 



<I20> PROCESS FCR PREPARIhC INt-DBILIZED PROTEIMS 



<130> 11900258 
<16G> 18 



<17G> Windoft-s 95 

<210> 1 
<211> 163 
^212> PRT 

<213> Escherichia coli 



<:400> 1 

fctet !le Ssr Leu lie Ala Ala Lsu Ala Val .Asp Arq Val He Civ ^tet 

1 5 10 . 15 

Clu Asn Ala Ktet Pro Trp Asn Leu Pro Ala .Asp Leu Ala Trp Phe Lvs 

20 25 30 

Arq Asn Thr Leu Asn Lvs Pro Val !le H^x Cly Arq His Thr Trp cHu 

35 40 45 

Ser He Civ Arq Pro Leu Pro Civ Arq Lys .Asn Pe He Leu Ser Ser 

50 55 60 

Cln Pno Civ Thr Asp .Asp Arq Val Thr Trp Val Lvs Ser Val Asp Clu 



13 14 
65 70 75 SO 

Ala He Ala Ala Ala Cly Asp Val Pro Clu 11^ Ktei Val Il<2 Civ Civ 

S5 30 S5 

Cly Apq Val Tyr clu Cln phe Uu Pro Lvs Ala Gin Lvs Leu Tvr Leu 

100 105 110 

Ttir His He Asp Ala Clu Val Clu Glv Asp Thr His Pfie Pro Asp Tvr 

115 120 125 

Clu Pro Asp Asp Trp Clu 5er Val phe 5er Clu Phe His Asp Ala .^p 

130 135 140 

Ala Gin Asn Ser His Ser Tyr Ssr Fhs Clu He Leu Clu Anq Arg Civ 
145 150 155 160 

Civ Gly Civ 

^210> 2 
<211> 165 
<212> PRT 

-'213> Artificial Sequence 

<220> 

<223> DgsiqnatecJ is an ammo acid sequence of A5-DHFR-C4-CA, 
<400^ 2 

fctet !le Ser Leu He Ala Ala Leu Ala Val .Asp Arq Val He Civ Met 

15 10 15 

Clu Asn Ala Ktet Pro Trp Asn Leu Pro Ala .Asp Leu Ala Trp Phe Lvs 

20 25 30 

Arq Asn Thr Leu Asn Lys Pro Val He Mat Civ Arg Nis Thr Trp Clu 

35 40 45 

Ser He Cly Arg Pro Leu Pro Cly Arq Lvs .Asn He He Leu Ser Ser 

50 55 60 

Cln Pro Cly Thr Asp .Asp Arq Val Thr Trp Val Lys Ser Val .Asp Clu 
65 70 75 80 

.Ala He .Ala Al<i Ala Cly Asp Val Pro Clu He NteT Val He Cly C\\ 

85 90 95 

Civ Arq Val Tyr Clu Cln Phe Leu Pro Lvs .Ala Gin Lys Leu Tyr Leu 

100 105 110 

Thr His He Asp .Ma Clu Val Clu Gly .Asp Thr His Phe Pro .Asp Tyr 

115 120 125 

Clu Pro .Asp Asp Trp Clu Ser Val Phe Ser Ciu Phe His Asp Ala .Asp 

150 135 140 

Ala Cln Asn Ser His Ser Tyr Ser Phe Clu He Leu Clu Arq Arq Cly 
145 150 155 160 

Cly Gly Cly Cys .Ala 
155 

<210> 3 
<211> 167 
<212> PRT 

<213> .Artificial Sequence 



<220> 

<22y> Designated is eui ammo acid sequence of AS-CH=R-G4-CAID2, 



<400> 3 

fctet He Ser Leu He Ala Ala Uu Ala Val .Asp Am Val !le Civ fctet 

1 5 10 15 

Clu Asn Ala Ktet Pro Trp Asn Leu Fro Ala .Asp Leu Ala Trp Phe Lys 

20 25 30 

Anq Asn Thr Leu .Asn Ivs Pro Val He Mei Cly Ang His Thr Trp Clu 

35 40 45 

Ser He Civ Anq Pro Leu Pno Civ Arq Lvs .Asn He He Leu Ser Ser 

50 55 60 

Ctn Pro Civ Thr Asp .Asp Arq Val Thr Trp Val Lvs Ser Val Asp Clu 
65 70 75 SO 

.Ala He Ala Ala .Ala Cly Asp Val Fro Clu He Ktei Val He Civ Civ 

55 90 S5 

Cly And Val Tvr Clu Cln Phe Leu Pro Lys .Ala Gin Lys Leu Tyr Leu 

100 105 110 

Thr His He Asp .Ala Clu Val Clu Cly .Asp Thr His Rie Pro .Asp Tvr 

115 120 125 

Clu Pro Asp Asp Trp Clu Ser Val Phe Ser Clu Phe Mis Asp Ala .Asp 

130 135 140 

Ala Gin .Asn Ser His Ser Tvr Ser Phe Clu He Leu Clu Arxi .Arq Cly 
145 150 155 160 

Cly Glv Civ Cvs .Ala .Asp Asp 
165 



<210> 4 
<211> 169 
<212> PRT 

<213> Artificial Sequence 



<220> 

<22J> Designated is an ammo acid sequence of .AS-CH=R-G4-CAID4, 

<400> 4 

Met He Ser Leu He .Ala Ala Leu Ala Val .Asp Arxi Val He Civ fclet 

15 10 15 

Clu Asn .Ala ^^et Pro Trp Asn Leu Pro Ala .Asp Leu .Ala Trp Phe Lvs 

20 ?5 30 

.Arq Asn Thr Leu .Asn Lvs Fro Val He Uet Cly Arxj His Thr Trp Clu 

35 40 45 

Ser He Civ Arq Pro Leu Pro Civ Arq Lys .Asn He He Leu Ser Ser 

50 55 60 

Cln Fro Civ Thr Asp .Asp Ar^q Val Thr Trp Val Lvs Ser Val .Asp Clu 
65 70 75 80 

Ala He Ala Ala ,Ala Cly Asp Val Pro Clu He Ktet Val He Civ Cly 

85 SO 35 

Cly Arq Val Tvr Clu Cln Fhe Leu Fro Lys .Ala Gin Lvs Leu Tyr Leu 
100 105 110 



17 18 
TVir His lie Asp Ala Ciu Val Clu Glv Asp Thr His Phe Pro Asp Tvr 

115 120 125 

Clu Fro Asp Asp Trp Clu 5er Val Ph<2 Ser Clu Phe His Asp Ala .^sp 

130 135 140 

Ala Gin Asn 5er His Ser Tvr Ser Phe Clu He Leu Clu Arq Arg Civ 
145 150 155 160 

Cly Cly Cly Cvs Ala .Asp Asp .Asp Asp 
165 

<210> 5 
<211> 171 
<212> PRT 

<213> Artificial Sequence 

^:?20> 

<223> Designated is an amino acid sequence of A5-DH^R-C4-CAD6, 



<40fy> 5 

Met !le Ser Leu He Ala Ala Leu Ala Val .^sp Arq Val He Civ t^tet 

15 10 15 

Clu Asn Ala Kflet Pro Trp Asn Leu Pro Ala .Asp Leu Ala Trp PJie Lvs 

20 25 30 

Arq Asn Thr Leu Asn Lvs Pro Val He Mat Cly Arg His Thr Trp Clu 

35 40 45 

Ser He Civ Arq Pro Leu Pro Civ Arq Lvs .Asn He He Leu Ser Ser 

50 55 60 

Cln Pro Civ Thr Asp .Asp Ang Val Thr Trp Val Lvs Ser Val Asp Clu 
65 70 75 SO 

Ala He Ala Ala Ala Cly Asp Val Pro Clu He Kflet Val He Civ Cly 

85 90 95 

Cly Arg Val Tvr Clu Cln Phe Leu Pro Lys Ala Cln Lys Leu Tyr Leu 

100 105 110 

Thr His He Asp .Ala Clu Val Clu Gly Asp Thr His Rie Fro .Asp Tvr 

115 120 125 

Clu Pro Asp Asp Trp Clu Ser Val Phe Ser Clu Phe His Asp Ala .Asp 

130 135 1^0 

Ala Cln .Asn 5er His Ser Tvr Ser Phe Clu He Leu Clu Arq Arg Cly 
145 150 155 160 

Cly Glv Civ Cvs Ala .Asp Asp .Asp Asp Asp .Asp 
165 170 



<210> 6 
<211> 173 
<:212> FOT 

<213> Artificial Seguence 
<220> 

<:223> Designated is an ammo acid sequence of A5-DH=R-C4-CA)D6. 



<400> 6 



(10) 4$l?3 0 47i:)2 0 

19 20 
Met ne Ser Leu He Ala ATa Uu Ala Val .Asp Anq Val He Civ Met 

15 10 15 

Clu Asn Ala ^tet Pro Trp Asn Uu Fro Ala .Asp Leu .Ala Trp P^e Lvs 

20 25 30 

Anq Asn Thr Leu Asn Lys Pro Val He Mst Civ Arg Mis Thr Trp Clu 

35 40 45 

Ser He Civ Anq Pro Leu Pro Civ Arg Lvs .Asn !le He Leu Ser 5er 

50 55 60 

Cln Pro Civ Thr Asp .Asp Arg Val Thr Trp Val Lvs Sen Val .Asp Clu 
65 70 75 SO 

.Ala Tie .Ala Ala .Ala Civ Asp Val Pro Clu 11^2 Ktet Val 11^? Civ Civ 

85 90 S5 

Cly Arg Val Tvr du Cin Fhe Uu Fro Lvs Ala Gin Lvs Leu Tyr Leu 

100 105 110 

Thr His He Asp Ala Ciu Val Clu dv Asp Thr His Pfie Pro .Asp Tvr 

115 120 125 

Ciu Pro .Asp Asp Trp Ciu Ser Val Fhe Ser Ciu Phe His Asp .Ala Asp 

130 135 140 

.Ala Gin .Asn Ser Mis Ser Tvr S^r Phe Clu He Leu Clu Ang Arg Civ 
145 150 155 160 

Civ Civ civ Cvs .Ala .Asp Asp .Asp Asp .Asp .Asp Asp .Asp 

165 170 

<210> 7 
<.211> 554 
<212> CWA 

<2iy> Escherichia coli 



^;400> 7 

ttqacaatia qttaactatt tqtwtaa^q ^a^Tcatgaq ciTaaciaac laaiccgqaa 60 

aaqgaqgaac Ttccatqatc agtctoat^g cqgcqctaqc ootagatcqc gttatcgqca 120 

^qqaaaacqc ca^qccaiqg aacc^qcctq ccgatctcgc CTqqtttaaa cqcaacacct 160 

taaataaacc cqtqattatg qgqcgccata ccxgqgaatc aaTcgq^aqg ccti:t(Kccq 240 

gccgcaaaaa ^atta^cctc aocaqtcaac cccjgqaccga tgatcqggt^ acc^qggtw 300 

aatcqqccga cqaaoccatc qcqgccgcag gtgacgtacc agaaatcatq ocqattqqcq 360 

cjrqqacgcqt itatgaacag txicttqccaa aacscqcaaaa qcttTatctg acqcatatcq 420 

atqcaqaagt gqaaggcgac acccatxtxc cqgatxacga qccqgaxgac tgqgaatcqq 4^io 

Tattcaqcga atxccacga^ qctgatqc(K aqaacxcgca taigctaTtcg iicgaaatcc 540 

Tcqaqcqtcq ttaa 554 



<210> 8 
<:211> 45 
<212> \M\ 

<213> .Artificial Sequence 

^220> 

<223> DesiqnaTecJ is a priruer for the asTiplificaiion of AS-DMFR-C4-<A qene 



<40G> 5 



21 



Qcwoatcc^c ttgacaatta qttaactati tqtxataatq tattc 



1#i?3 0 47 0 2 0 

22 

45 . 



<210> 9 
<211> 50 

<2i2> mK 

<213> Artificial Sequence 

<220> 

<223> Desnqnaied is a priiner for xhe ansplificaxion of A5-CHFR-G^-CA qsne 

^;400> 9 

cwqciatccct xaxqcacaqc caccgccacc acqacqcxcq acscjaiticq 50 

^210> 10 
<211> 55 
<212> DMA 

<213> Artificial Sequence 
<220> 

<:223>" Pasiqnatecl is a primer for the awlificaiion of AS-CHFR-C4-<AD2 ge 
ne, 

<^0G> 10 

qqgqatccct taatcatctq cacaqccacc qccaccacqa ccjctcqaqqa tttcq 55 

<210> 11 
^211> 55 
<212> DMA 

'':213> Artificial Sequence 

<220> 

<223> Designated is a printer for the awl "> fixation of qe 
ne, 

<40G> 11 

qqgqatccct taatcatcat catctqcaca qccaccqcca ccacqacqct cqaqq 55 

<21G> 12 
<21i> 55 
<212> DMA 

<213> Artificial Sequence 

<220> 

<223> Designated is a printer for the asnplification of AS-DhlFR-C4-CAD6 qe 
ne. 



^:40G> 12 

qqqqatccct taatcatcat catcatcatc tqcacaqcca ccgccaccac qacqc 



55 



23 24 
<210> 13 
<211> 60 

<2iy> Artificial Sequence 



<220> 

<223> Designated is a priwer for the amplification of A5-DHFR-C4-CA)D6 ge 
ne, 

<400> 13 

gqqqatccct taatcatcat catcatcatc atcatctgca caqccaccqc caccacoaco 60 

<2V> 14 
<21i> 651 

<2i2> rm 

<21J> Artificial Sequence 



<:22J> Designated is a nucleotiqle sequence of .A5-C»1FR-C4-CA qene. 



<40iy> 14 



gqqqatcctc 


ttqacaatta 


qttaactatt 


tqttataatq 


tattcatgaq 


cttaactaac 


60 


taatccqqaa 


aaqgaqqaac 


ttccdtqatc 


aqtctqattq 


ccpqcqctaqc 


cwtaqatcqc 


120 


Qttatcqqca 


tqgaaaacqc 


catcKcatcjq 


aacctqcctq 


ccqatctcqc 


ctqqtttaaa 


240 


cqcaacacct 


taaataaacc 


cqtqattatq 


qqcjcqccata 


cctqqqaatc 


aatcqqtaqq 


300 


cctttqcccq 


gccqcaaaaa 


tattatcctc 


aqcaqtcaac 


ccqqqaccqa 


tqatcqqqtt 


360 


acctqgqtta 


aatccwtcqa 


cqaaqccatc 


gccsdccqcaq 


qtqacqtacc 


aoaaatcatq 


420 


qtoattqqcq 


gcgqacqcqt 


ttatqaacaq 


ttcttcKcaa 


aeucicqcaaaa 


qctttatctq 


480 


acqcatatcq 


atqcaqaaqt 


qqaagqcqac 


acccattttc 


ccwattacqa 


CKcqqatqac 


540 


tgqqaatcgq 


tattcaqcqa 


attccacqat 


qctoatqcgc 


aqaactCQca 


taqctattcq 


600 


ttcoaaatcc 


tcqac^qtcg 


tqqtqqcqqrc 


qqctqtqcat 


aaaqqatccc 


c 


651 



^^10> 15 
<211> 657 
<212> CWA 

"21 3> Artificial Sequence 



<22Q> 

<22i> Designated is a nucleotide 
":400> 15 

qqqqatcctc ttqacaatta qttaactatt 
taatccqqaa aaqqaqqaac ttccatqatc 
qttatcqqca tqqaaaacqc catcKcatqq 
cqcaacacct taaataaacc cqtqattatq 
cctttcKccq qccqcaaaaa tattatcctc 
acctqqqtta aatcqqtcqa cqaaqccatc 
qtqattqqcq qcqqacqcqt ttatqaacaq 
acqcatatcq atqcaqaaqt qqaaqqcqac 
tqqqaatcqq tattcaqcqa attccacqat 



sequence of .A5-DHFR-C4-CAD2 qene. 



tqttataatq tattcatqaq cttaactaac 60 

aqtctqattq cqqcqctaqc qqtaqatcqc 120 

aacctqcctq ccqatctcqc ctqqtttaaa 240 

qqqcqccata cctqqqaatc aatcqqtaqq 300 

aqcaqtcaac ccqqqaccqa tqatcqqqtt 350 

qcqqccqcaq qtqacqtacc aqaaatcatq 420 

ttcttqccaa aaqcqcaaaa qctttatctq 4S0 

acccattttc cqqattacqa CKcqqatqac 540 

qctqatqcqc aqaactcqca taqctattcq 600 



(13) 1^1^3 0 47 0 2 0 

25 26 
iTcqaaatcc Tcqacprqucg tgqiqqcqqr qqciotqcaq atgattaaqg qatcccc 657 

<210> 16 
<211> 663 

<2i2> rm 

<21^> Artificial Sequence 

<220> 

<22y> Designated is a nucleoticte sequence of .AS-W1FR-C4-CAD4 oene. 

<^00> 16 

qcwoatcctc ttgacaaxta qttaactatt tqttataatq tattcatqag cttaactaac 60 

taatccqqaa aagqaqqaac ttccatqatc aqtctgaiiq cggcQCiaqc cwtaqatcqc 120 

qttatcqqca tqgaaaacqc catCKcatcw aacctgcctq ccqaxctcqc ctqqtttaaa 240 

cgcaacacct taaaraaacc cgtqattatg gqgcqccaia cciqgqaatc aatcqqiagq 300 

cctttgcccq gccqcaaaaa tattatcctc aqcaqtcaac ccgqgaccqa tgatcggqtt 360 

acctqqgtta aatcggtcqa cgaagccatc gcggccqcaq qtgacqtacc agaaatcatq 420 

gcqattgqcq gcgqacqcqt ttatgaacaq itcitgccaa aagcqcaaaa gctttatctq 480 

acqcatatcq atgcagaaqt qgaagqcqac acccatttic ccwaitacqa cKcgqaiqac 540 

igqgaatcgq tattcaqcqa attccacqat gctgatqcgc agaactcgca taqctattcq 600 

ttcgaaatcc tcgagcqicg tgqtgqcqgt gqcxqtqcaq atgatqatqa rtaaqggatc 660 

ccc 663 

<21G> 17 
<211> 669 
^212> DMA 

<213> Artificial Sequence 

<;220> 

<:223> Designated is a nucleotide sequence of .'VS-ntiFR-^-CADS gene. 

<400> 17 

ggqgatcctc ttgacaatta qttaactatt tqtxataatq tattcatgag cttaactaac 60 
taatccgqaa aagqaqqaac ttccatgatc aqtctgattq cggcgctaqc ggtaqatcgc 120 
gttatcgqca tqqaaaacqc catgzcatgg aacctgcctq ccgatctcqc ctqgtttaaa 240 
cgcaacacct taaataaacc cgtgattatg gqg:qccata cctqgqaatc aatcqqtagq 300 
cctttgcccq gccqcaaaaa tattatcctc aqcaqtcaac ccgqgaccqa tgatcggqtt 360 
acctqggtta aatccwtcqa cgaaqccatc gcggccqcaq qtgacqtacc aqaaatcatq 420 
gtqattgqcq gcgqacqcqt ttatgaacaq ttcttgccaa aaqcgcaaaa gctttatctq 480 
acqcatatcq atgcagaaqt qgaagqcqac acccattiic cc9:>attacqa gzcgqatqac 540 
tgqgaatcgq tattcaqcqa attccacqat gctgatqcgc agaactcgca taqctattcq 600 
ttcgaaatcc tcgagcqtcg tgqtgqcqgt gqctqtqcaq atgatqatqa tgatqattaa 660 
ggqatcccc 669 

<210> 18 
<211> 675 

<2i2> m\ 

<213> Artificial Seguence 



<220> 



(14) 

27 28 
<223> [fesignated is a nucl€0c1cle sequence of .^5-C!HFR-C4-CADa ggne. 



1$l¥3 0 47 0 2 0 



<4Q0> 18 

cnqqaTCCtc Ttqacaatta qttaactMt TQwaiaaiq taitcatgaq citaactaac 60 

taaTccqqaa aagqacnaac trccatqatc aqictqaiTq cqgcgcwqc qgtaqatcqc 120 

gttatcgqca iqgaaaacqc catqccatcw aacctgcctq ccqatCTcqc ccqqtttaaa 240 

cqcaacacct taaataaacc cgtciatTatg cjacKqccaTa cctqgqaatc aatcqcreaqq 300 

ccttttjcccq dccqcaaaaa tattatcctc aqcaqtcaac ccqqqaccqa tqatcqcwtt 360 

acctqgcitta aatccratcqa cgaaoccatc cicqcjccqcaq q^qacqracc agaaatcatq 420 

Qiqatiqqcq gcgqacqcqr tTaiqaacaq it«tgccaa aaocgcaaaa (jctttatctq 480 

acqcaTiatcq atcjcagaaqT qgaaqqcqac acccattTtc ccwaitacqa qcccjqatqac 540 

tqqqaatcqq tattcaqcqa attccacqat qctgaTqcgc awactcgca raqctattcq 600 

ttcqaaatcc TcqacKqtcg tqqtqqcqqit gactqtqcaq atqatqatqa Tqatqatqat 660 

wttaagqqa tcccc 675 



[ 0 -;) 4 5 ] 

^^^^ 1 4 : 



A5-mFR-C4-CA(C!>r i >'|gag?^«r^R'r„ 
A5-CMFR-C4-C«iD2©r 5 ^Wli^t^^o 

AS-mFR-C4-C^D6 (D7 S. yiSWi-Sr-T^ 20 

AS-DHFR-C4-CAD8 €■? 5 >'gcW«J&jF 

A5-DhFR-C4-CAiSG^lS4i^<^>'7"'^ -f ^- 

AS-mFR-C4-CAaSiS^Je4i^<^"7"'7 -5'- 

: .A5-DMFR-C4-CAD2jiB^-Jt<liJi«'':?*5''i 

; .A5-DHFR-G4-CAD4:»e^-4S<i^<Z:':/^-{ 30 

: AS-mFR-C4-CAD6jiSG-?-lfi"li^<^>7-7 

; .A5-[»1FR-C4-CAD8ae^J9lli^(^>7''? 

; .A&-CHFR-C4-CAii<c-t-CC'J? U^t"?' Kig 



.A5-DHFR-«-CAD4jSf£^-C>5? J? UjI** K 
A5-DHFR-C4-CAD6*eT«'jS ^:t?• 
.^5-[»^FR-<;4-CA08 jfie-?^'> J? U*? 



.A5-mFR-C4-CAD2jSei=-Cr>5? b K 



mm^- 1 7 : 

mm] 

^©iaSftoc4^<,ir> —m^ < 2 > nh-Ri-co-nh-okch 

r-T^ 5 n^Bl^ft^ifji: i Slit $ -li & c t J; 0 . -flS:555 
{ 4 ) i*t -R. -co-w-Y ( R , «} J; jjt Y it i e<:±i2(J?.-g 
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